ABSTRACT
INTRODUCTION
Hodgkin's lymphoma (HL), a lymphoid malignancy characterized by the presence of large, dysplastic, multinucleated cells (Reed-Sternberg cells), is diagnosed in 20,000 men and women annually in North America and Europe [1] . In the early 20th century, radiotherapy was identified as an effective agent in treating HL patients. The subsequent discovery of mechlorethamine in the 1940s and the advent of combination chemotherapy and radiotherapy in the 1960s, initially with mechlorethamine, vincristine, procarbazine, and prednisone and subsequently with doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD), defined HL as a largely curable malignancy with an overall survival (OS) rate of 80% at 5 years [2, 3] . However, it can be argued that these advances were not necessarily a product of progress in understanding the underlying disease biology, but rather a result of progress in the fields of drug development and evidence-based medicine. Indeed, it was not until the late 1990s that questions surrounding the nature and lineage of Hodgkin Reed-Sternberg (HRS) cells were answered, when molecular genetic studies identified these cells to be of malignant B-cell origin.
As a result of this early success, ABVD continued to remain the standard of care in 2011. However, patients with advanced stage disease continue to have suboptimal outcomes, with 5-year freedom from progression rates of 47%-79% and relapse rates of 30%-40% [4, 5] . Moreover, an additional 10%-15% of patients fail to enter remission with frontline therapy (primary refractory disease). These shortcomings have persisted despite extraordinary initial success and illustrate the complex nature of the tumor biology and the difficult task of eliminating a multifaceted disease process [6, 7] . This review briefly discusses the challenges posed by recurrent or refractory HL and discusses recent breakthroughs in drug development.
REFRACTORY OR RELAPSED HL
For patients who relapse with nonlocalized disease after initial treatment, salvage chemotherapy followed by autologous stem cell transplant (ASCT) in those with chemotherapy-sensitive disease is the standard of care and results in cure rates of 40%-50% [8] . Although there have been many phase II studies reporting results using salvage regimens for relapsed or refractory HL, there are no randomized trials and no consensus on the most effective second-line chemotherapy regimen (Ta-ble 1). These trials reported overlapping response and complete remission (CR) rates [9, 10 -19] . Several studies identified the duration of remission after initial chemotherapy as a significant prognostic factor in obtaining a subsequent remission. Patients who have an initial remission Ͼ12 months have a 75% chance of achieving a durable second remission with salvage therapy and ASCT. In contrast, patients who have remissions lasting Ͻ12 months or who have primary progressive disease achieve a durable second remission only 40% and 20% of the time, respectively [20] .
Patients who relapse after second-line therapy have a median survival time in the range of 6 -36 months, and the optimal management of these patients remains unclear [8, 20, 21] . Options for these patients include palliative chemotherapy, radiotherapy, as well as supportive care or observation in selected cases. Because of the limited options for these patients, their relatively young age, and the potential for curative therapy, allogeneic SCT has intrinsic appeal. Studies evaluating allogeneic SCT, however, have yielded suboptimal results, with a relatively large treatment-related mortality rate. Myeloablative regimens have been evaluated by multiple groups and result in event-free survival (EFS) rates of 15%-25% with treatment-related death rates approaching 50% or more [23] . More recently, reduced-intensity transplantation resulted in similar EFS rates with variably lower treatment-related mortality rates [15, 24 -27] . For patients who fail to respond to salvage therapy, treatment is largely palliative and often incorporates agents that have not been used in prior regimens to minimize crossresistance. Presently, the available chemotherapeutic regimens are limited and often result in short-lived responses.
Despite the substantial success of ABVD, or possibly because of it, drug development for HL has remained static for Ͼ30 years. Clinical research has largely attempted to minimize toxicity from chemotherapy and radiation without sacrificing efficacy in early-stage patients, whereas for the high-risk population, the aim has been to improve relapse-free survival and OS rates. With the possible exception of escalated bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone (BEACOPP), attempts to improve outcomes for high-risk patients with more aggressive chemotherapy or upfront transplant regimens have not resulted in higher OS rates than those observed previously with ABVD [3, 9, 28] . The use of escalated BEACOPP over ABVD benefits a small percentage of patients with high-risk HL (freedom from treatment failure rate, 76% versus 68%; OS rate, 86% versus 75%) but is limited by substantial acute and long-term toxicities (infectious complications, infertility, and the risk for a second malignancy [29] ). In addition, patient age and comorbidity status exclude many patients as candidates; consequently, this therapy has been slow to gain acceptance in the U.S., and ABVD continues to remain the standard of care [30] . Until recently, no new agents had been approved for the treatment of HL patients in over three decades. In the last few years, however, improvements in our understanding of epigenetic manipulation and intracellular signaling have resulted in the identification of several agents with the potential to capitalize on these advances. Moreover, advances in drug development have allowed researchers to evaluate a variety of targeted agents for HL (Fig. 1) . The following pages detail several of the most promising of these agents.
IMMUNOTHERAPY
HL is considered to be a B-cell malignancy, as identified by molecular genetic studies in the late 1990s [8] . Malignant HRS cells rarely express B-cell antigens and commonly acquire additional immunophenotypic markers, such as CD30, CD15, thymus and activation-regulated chemokine, and CD70, not commonly found on B cells. Moreover, HL is unique, with a relative scarcity of malignant cells within the tumor microenvironment, which is largely composed of non-neoplastic B and T lymphocytes, plasma cells, eosinophils, mast cells, histiocytes, and macrophages. These cells contribute to an abnormal network of cytokines and chemokines whose function and importance is only now beginning to be identified and understood. The relationship between HRS cells and the tumor microenvironment allows scientists and clinicians to target tumor cells directly or, alternatively, to disrupt the tumor-microenvironment interaction.
Anti-CD30
CD30, a member of the tumor necrosis factor (TNF) receptor superfamily, is an integral membrane glycoprotein present on HRS cells. CD30 signaling is thought to regulate the activation of nuclear factor B (NF-B), which is essential for HRS cell survival, through the induction of antiapoptotic genes. The high degree of expression in HL in combination with its limited expression in normal tissue makes CD30 an attractive target for antibody-based immunotherapy [21] . Phase I and phase II studies evaluating the activity of anti-CD30 antibodies, however, showed response rates of Ͻ5% and were clinically disappointing [24] . Attempts to improve on these results led to the development of CD30 antibody-chemotherapy conjugates [22] [23] [24] .
Brentuximab Vedotin
Brentuximab vedotin (SGN-35) is a CD30-specific chimeric antibody-drug conjugate constructed from the variable regions of the anti-CD30 murine monoclonal AC10 and the human ␥ 1 heavy chain and light chain constant region conjugated to a synthetic antimicrotubule agent, monomethyl auristatin E (MMAE) [12, 21, 25] . Once bound to the CD30 ϩ cell, the antibody-MMAE complex is subsequently trafficked to the lysosome, where MMAE is released by lysosomal degradation within the cell. Subsequent binding of MMAE to tubulin disrupts the microtubule network, inducing cell cycle arrest and apoptosis.
Two phase I studies evaluating SGN-35 in HL T-cell lymphoma have been conducted [12, 25] . Both the weekly and every-3-week dosing regimens were similar in activity. Based on these findings, the maximum-tolerated dose was determined to be 1.8 mg/kg administered i.v. every 3 weeks. A phase II study evaluating this agent given for a maximum of 16 doses in 102 HL patients who failed salvage therapies and ASCT was re-cently completed [26] . Updated data presented at the American Society of Hematology (ASH) Annual Meeting in 2010 indicate that the agent is highly active, with 95% of patients achieving some reduction in tumor size. The overall response rate (ORR) was 75%, with an impressive 34% of patients achieving a CR in this highly refractory (39% of patients refractory to last therapy) and pretreated population. The agent was also relatively well tolerated with a 27-week median treatment duration. Grade 3 or 4 toxicities included neutropenia (18%), peripheral sensory neuropathy (5%), thrombocytopenia (4%), and hyperglycemia (3%) [26] .
In the phase II study of SGN-35 presented at the ASH Annual Meeting in 2010, 55% of patients experienced peripheral neuropathy, with 12% of patients having motor neuropathy, all grades [26]. Neuropathy did not always occur immediately (median, 12 weeks, any grade), and the majority (68%) of patients had some improvement or resolution in their neuropathy upon discontinuation of SGN-35. Improvement was not immediate, however, with a median of 13.2 weeks. In addition to the aforementioned toxicities, tumor "flare" reactions presenting as positron emission tomography (PET)-avid, painful enlarging lymphadenopathy were noted. This reaction, while rare, is not limited to patients with HL, and occurred within the first few cycles of therapy and can be difficult to distinguish from progression. The mechanism and prognostic value of this phenomenon are unclear, and the flare reaction often improved with low-dose nonsteroidal anti-inflammatory drugs or steroid therapy.
Based on these impressive results, the U.S. Food and Drug Administration (FDA) approved the use of SGN-35 for patients with HL who have relapsed after ASCT and for those who are not eligible for transplantation after failure of two or more multiagent chemotherapeutic regimens. How to best to use this agent in the HL treatment algorithm, whether or not this drug has an acceptable toxicity profile in patients with preexisting neuropathy, and how resistance to this agent develops are questions that need to be answered. Additional studies evaluating the most appropriate setting for SGN-35 are already under way [27, 31-33]. These and other studies are expected to help define the most appropriate role for SGN-35 in HL treatment.
Rituximab
Rituximab is an anti-CD20 monoclonal antibody with singleagent activity in patients with relapsed or refractory classical HL, regardless of subtype or CD20 expression on HRS cells. Response rates to single-agent rituximab in patients relapsing post-transplant are in the range of 20%-30%, with a median duration of response of almost 8 months, with some patients achieving a CR [34] . Although the underlying mechanism of action is still being explored, a number of potential mechanistic effects have been postulated. For instance, rituximab is thought to interfere with HRS-B lymphocyte crosstalk and cytokine regulation, thereby resulting in the depletion of activated B lymphocytes and disruption of the tumor microenvironment. Consequently, it is postulated that survival and growth stimuli to putative malignant clones are inhibited, leading to tumor death. In addition, a subpopulation of HRS cells (20%-30%) is CD20 ϩ ; therefore, anti-CD20 inhibition may result in direct cytotoxicity.
Interestingly, recent findings suggest the potential for a CD20 ϩ stem cell that could be affected by exposure to an anti-CD20 agent such as rituximab, and although additional data are needed to further evaluate this, it may provide some insight into the activity of rituximab in HL patients [35] . Based on this rationale and the previously mentioned single-agent activity, several studies have been performed evaluating rituximabchemotherapy combinations in the salvage and frontline settings. Rituximab administered weekly for 6 weeks in combination with ABVD was evaluated in 70 newly diagnosed patients at the MD Anderson Cancer Center. The EFS rate of the entire cohort was 87%, with a median follow-up of 5 years. When stratified by International Prognostic Score (IPS), the EFS rate of patients treated with rituximab plus ABVD (RABVD) compared favorably with those of historical and institutional ABVD treatment controls. The largest benefits in terms of the EFS rate at 5 years were noted in patients with higher risk IPS scores (Ͼ2)-80% for RABVD versus 55% for historical and institutional ABVD controls [36 -38] . As a result of these findings, several phase II and phase III randomized studies incorporating rituximab with ABVD in the frontline setting or comparing this therapy with ABVD alone are currently under way [39 -43] .
REGULATION OF EPIGENETIC MODULATION Deacetylase Inhibitors
Histone modification has been implicated in the pathobiology of cancer and is mediated by acetylation or deacetylation of amino acid residues on the histone tail. Acetylation relaxes chromatin and leads to activation of RNA transcription, thus eliciting expression of several genes that can result in favorable biological responses, such as growth arrest, differentiation, and apoptosis of tumor cells. Deacetylases (DACs) alter the transcriptional activities of histones and nonhistone factors, including p53, 17-␤-estradiol factor, c-Myc, NF-B, hypoxia-inducible factor (HIF)-1␣, heat shock protein 90, TNF-␣, and TNF receptor apoptosis-inducing ligand. Through these factors, DACs mediate cell cycle regulation, suppression of apoptosis, modulation of the immune response, suppression of angiogenesis, and regulation of cell motility, proliferation, differentiation, and viability [44, 45] . Many of these pathways are aberrantly expressed in HL [46]; therefore, DAC inhibitors (DACIs) may provide a mechanism to inhibit tumor growth. Additionally, it is known that HRS cells, although of B-cell origin, rarely express B-cell antigens. It has been postulated that this phenotypic finding may be epigenetically regulated and therefore potentially reversible [47, 48] .
Inhibitors have been synthesized for the zinc-dependent DAC classes (I, II, and IV), with some agents inhibiting multiple classes and others affecting one individual class or subclass. Over 18 DACIs are currently in development, with several showing potential activity in HL patients. Both vorinostat and romidepsin are approved for the treatment of cutaneous T-cell lymphomas; however, to date no agent has been approved for the treatment of HL patients [46] . The following DACIs are currently being tested in heavily pretreated patients with HL.
Vorinostat
In vitro studies of the pan-DACI vorinostat demonstrated apoptosis and evidence of cell cycle arrest in HL cell lines [49] . These findings prompted a phase II trial in 27 heavily pretreated patients. In that study, only one patient had a partial response (PR); however, four others had stable disease (SD) lasting Ͼ1 year. Although the ORR was only 4% (Table 2) , treatment was well tolerated and nearly 20% of patients maintained SD or better, leading to additional studies with DACIs [50].
Panobinostat
Panobinostat is an oral pan-DACI found to be 10 times more potent than vorinostat in cell lines [51] . A phase I/II open-label trial evaluating panobinostat in advanced hematologic malignancies was conducted and antitumor activity was observed in a group of 13 response-evaluable patients with relapsed or refractory HL [52] . Consequently, a phase II study evaluating panobinostat in 129 highly pretreated patients with relapsed HL after ASCT was performed [53] . In total, 41% of patients were refractory to their last therapy and 10% of patients had received an allogeneic SCT. Furthermore, 66% of patients had relapsed within 12 months of their first ASCT. Responses, as measured by computed tomography (CT) or magnetic resonance imaging, were seen in 35 (27%) patients, with five (4%) patients achieving a CR (Table 2 ). In addition, 77% of patients had tumor reductions, and the overall duration of response approached 7 months. The median time to response was 7.4 weeks and the median progression-free survival interval was 5.7 months. The estimated 1-year OS rate was 78%, with the median OS time not yet reached. Panobinostat was well tolerated, with grade 3 and 4 toxicities largely confined to cytopenias, which were reversible upon drug interruption or dose reduction [53] . In particular, grade 3 or 4 thrombocytopenia and anemia occurred in 79% and 21% of patients, respectively (Table 2) [53]. Blood counts should initially be evaluated weekly because of the potential for rapid development of cytopenias [54] . The disease control rate of 82% (CR ϩ PR ϩ SD) and the duration of response in a highly treatment refractory population suggest that panobinostat has significant clinical activity in HL treatment. Studies identifying the optimal manner to use panobinostat are under way and include trials investigating the benefit of panobinostat in combination with chemotherapy in the salvage setting [55, 56] .
Entinostat
Entinostat is an oral class I isoform-selective DACI currently being evaluated in an open-label phase II trial in patients with relapsed or refractory HL. Enrollment is ongoing; however, preliminary analysis of 24 patients identified two responding patients (8%) ( Table 2) . Consistent with findings with other DACIs, 65% of patients achieved disease control (PR ϩ CR ϩ SD) and toxicities were manageable, with cytopenias predominating [57] .
Mocetinostat
Mocetinostat is a class I and class IV DACI. Preclinical activity was identified in HL and led to a phase II open-label study in patients with relapsed or refractory disease. In the most recent update, 51 patients were enrolled, with 14 (27%) ( Table 2) achieving a PR (n ϭ 12) or CR (n ϭ 2) and one patient achieving durable SD. Grade 3 or higher adverse events (AEs) were notable for cytopenias, abnormal liver function studies, and pericardial effusions (Table 2) [58]. Although mocetinostat showed clinical activity, concerns surrounding the development of nonfatal pericardial effusions have precluded further clinical development in HL patients at this time [59] .
Although the aforementioned agents are not the only DACIs showing activity in HL, they are the furthest along in development and, with the exception of pericardial effusions in the mocetinostat study, display similar activity and toxicity profiles ( Table 2 ). Hematologic and gastrointestinal AEs (nausea, vomiting, and diarrhea) are common, and may be class effects. It must also be noted that, with the exception of panobinostat, the results use small sample sizes or are preliminary findings. Consequently, the effectiveness and toxicity profiles of these agents may continue to evolve [60] . Additionally, DACIs have shown preclinical synergism with a number of other antineoplastic drugs, including hypomethylating agents, conventional chemotherapeutic agents, mammalian target of rapamycin (mTOR) inhibitors, and bortezomib, resulting in several ongoing or planned trials aimed to evaluate combinations of DACIs in an effort to improve these results [61] [62] [63] .
Additional Novel Agents

Immunomodulation: Lenalidomide
Lenalidomide is an analog of thalidomide and belongs to a novel class of immunomodulatory drugs. The mechanism of action of lenalidomide is incompletely understood. It is postulated to have multiple modes of action, including direct induction of apoptosis in tumor cells, antiangiogenic effects, and the modulation of immune cells, such as natural killer cells and T cells [64] . Given the interdependence of HL and its tumor environment and the understanding that apoptosis resistance, increased neoangiogenesis, and impaired immunity critically contribute to HL, lenalidomide was investigated as a potential therapeutic agent for this disease [65] . To date, three separate studies have investigated the activity of lenalidomide in heavily pretreated patients with HL at a dose of 25 mg daily for 21 of 28 consecutive days.
Fehniger et al. [66] evaluated 38 relapsed HL patients; 33 of 38 patients had prior SCTs. The ORR to lenalidomide in the 35 evaluable patients was 17%, with one CR. An additional six patients had SD lasting Ͼ6 months, resulting in an overall cytostatic response rate (CR ϩ PR ϩ SD Ͼ6 months) of 34% [66] . A second study by Kuruvilla et al. [67] evaluated lenalidomide in 14 patients with relapsed or refractory HL. Two patients achieved a PR (14%), with an additional seven patients having SD (50%). The median time to progression in that study was only 3.2 months, with a median OS time of 9.1 months [67] . Böll and colleagues subsequently investigated lenalidomide in 42 patients [68] . Preliminary results involving the first 24 patients have been reported. Twelve patients (50%) had an objective response (11 with a PR and one with a CR), with an additional eight patients achieving SD [68] . Grade 3 and 4 toxicities were largely hematologic, with neutropenia, thrombocytopenia, and anemia occurring in 40%, 16%, and 24% of patients, respectively, in the study by Fehniger et al. [66] . Dermatologic AEs such as rash were seen in a number of patients, a subset of which were grade Ն2. These studies show that lenalidomide has activity in HL patients with a relatively manageable toxicity profile. However, given the relatively small sample sizes and the variability in the ORR, further investigations evaluating lenalidomide are required.
Alkylating Agents: Bendamustine
Bendamustine is a purine analog-alkylator hybrid with a mechanism of action that is not completely understood. Antitumor profiles of bendamustine identify a unique mechanism of action when compared with other alkylators, with more extensive and durable DNA strand breaks. Moreover, bendamustine is active in alkylator-resistant cell lines and affects regulation of genes involved in apoptosis, DNA repair, and mitotic checkpoints [69] . In a recent study conducted by Moskowitz et al. [70] that evaluated a 120-mg/m 2 dose of bendamustine as a bridge to allogeneic SCT in HL patients, 12 of 18 patients had a response, with six patients achieving a CR. The duration of response was only 2.6 months; however, many of these patients had multiple prior therapies, with the majority failing prior ASCT [59, 70] . Responses to bendamustine occurred quickly, with all responders identified by the second cycle. Treatment-related toxicities were largely hematologic and resulted in dose reductions or interruptions in seven patients. Given the relatively high response rate to this agent in a population of patients who had undergone multiple chemotherapies, combination studies designed to improve the duration of response and efficacy remain potential avenues of further investigation.
Everolimus
For a number of tumor types, mTOR signaling plays a key role in cell growth, protein translation, autophagy, and metabolism. Phosphatidylinositol-3-kinase (PI3K)-Akt signaling regulates mTOR through phosphorylation or inactivation of mTOR's negative regulator, tuberous sclerosis complex 2, thereby promoting mTOR activation. Upregulation of mTOR results in increased protein synthesis, translation, cell growth, ribosome biogenesis, metabolism, and proliferation and decreased autophagy [71] . PI3K and its targets, including the serine-threonine kinase Akt, are critical for B-cell survival and proliferation [59] . HRS cells contain active, phosphorylated Akt and display greater phosphorylation of known Akt target proteins. Inhibition of Akt in HL cell lines leads to apoptosis, suggesting that the PI3K-Akt-mTOR pathway has an essential role in the growth and survival of HRS cells [72] .
Everolimus, an oral macrolide immunosuppressant, is one of several mTOR inhibitors currently being investigated as an anticancer agent in clinical trials [73] . In addition to inhibiting mTOR, everolimus inhibits vascular endothelial growth factor and HIF expression, resulting in antiangiogenic properties. A phase I trial of everolimus as a single agent in patients with relapsed or refractory hematologic malignancies showed that it was well tolerated [74] , leading to a phase II study in 57 heavily pretreated HL patients [75] . The ORR was 35% with an additional 27% of patients achieving stable disease. A proportion of patients obtained durable responses lasting over one year and the median PFS was 7.2 months. The median time to response was 3.6 months; however, responses were seen after six cycles of therapy in four patients. Common grade 3 and grade 4 AEs included cytopenias such as thrombocytopenia (16%) neutropenia (8%) and anemia (8%) that were manageable with dose interruptions or reductions. In addition less common AEs such as dyspnea, pneumonits and hyperlipidemia were observed [75, 76] . In addition to single-agent activity, everolimus has shown synergy with a number of agents, including PI3K inhibitors, DACIs, bortezomib, and conventional chemotherapeutic agents. As a result, studies investigating everolimus in combination with these agents are currently ongoing or in preparation [59, 76 -80] .
Interestingly, in preclinical models, everolimus was shown to downregulate genes associated with glucose metabolism; various studies have shown that patients may develop hyperglycemia. This may be a result of reductions in (pro)-insulin secretion and downregulation of glucose transport into both tumor and normal cells [81] . This unique side effect was used advantageously in patients with insulinomas, in whom hypoglycemia is a concern [81, 82] . However, in lymphomas, for which PET imaging is heavily used, it is unclear what effect, if any, this phenomenon may have in assessing response. Given the uncertainty of PET findings when glucose metabolism is affected, it is notable that responses in current studies using everolimus have relied on CT imaging. This practice may underestimate the ORR of HL patients treated with everolimus because it is not uncommon to have metabolically inactive residual masses post-therapy. At the present time, it is unclear how best to use PET imaging in patients treated with everolimus, and it is important that future studies evaluate this question. , and RANK, induces the proteasomal processing of the NF-B precursor protein p100 into its active form, p52. This event permits heterodimers composed of p52 and another member of the NF-B family, RelB, to move to the nucleus where they upregulate transcription of several target genes. Abbreviations: cIAP2, cellular inhibitor of apoptosis 2; DACI, deacetylase inhibitor; FLIP, FLICE inhibitory protein; GPCR, G-protein-coupled receptor; HL, Hodgkin's lymphoma; HIF, hypoxia-inducible factor; HRS, Hodgkin Reed-Sternberg; IB, inhibitor of NF-B; IL, interleukin; IKK, IB kinase; mTOR, mammalian target of rapamycin; NF-B, nuclear factor B; PI3K, phosphatidylinositol-3-kinase; RANK, receptor activator of NF-B; RANTES, regulated upon activation, normal T-cell expressed and presumably secreted; RTK, receptor tyrosine kinase; TAC1, transmembrane cyclophilin ligand interactor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
Proteasome Inhibitors: Bortezomib
The NF-B pathway is constitutively active in HRS cells (Fig.  2 ) and may play a critical role in gene upregulation, cell proliferation, and apoptotic evasion [83] . The proteasome inhibitor bortezomib inhibits proteasomal degradation of inhibitor of B, thereby sequestering NF-B in the cytoplasm and preventing its activity as a transcription factor. In addition, bortezomib, an inhibitor of NF-B, has been demonstrated to have activity in HL cell lines [84] and has been evaluated in the clinical setting in patients with relapsed or refractory HL. In a pilot study of 14 patients at the MD Anderson Cancer Center, a maximum of six cycles of bortezomib (1.3 mg/m 2 ) was administered on days 1, 4, 8, and 11 of a 21-day dosing schedule [85] . Despite promising preclinical findings, only one of the 14 patients had a PR. These findings were confirmed in a multiinstitutional phase II trial performed by the Cancer and Leukemia Group B [86] . As a consequence, the investigators concluded that bortezomib administered using this schedule has no single-agent activity in patients with relapsed or refractory HL [86] .
A phase I combination of bortezomib with ifosfamide, carboplatin, and etoposide (ICE) was subsequently evaluated in 13 patients with relapsed or refractory HL [59, 87, 88] . ICE was given on days 1-3 and bortezomib was administered on day 1 and day 4 of a 2-week dosing regimen. This regimen was found to be well tolerated, with an ORR of 75% and a CR rate of 25% [88] . A randomized phase II study comparing bortezomib plus ICE (BICE) with ICE in the relapsed setting was then undertaken. To date, 12 patients have been enrolled, with reversible grade 4 neutropenia and thrombocytopenia occurring in both arms equally (50%). In total, 33% of BICE patients experienced grade 2 elevations in alanine aminotransferase or aspartate aminotransferase and only one patient had grade 1 neuropathy [89] . To date, there has been no clear clinical advantage identified by administering bortezomib as a single agent or in combination therapy, despite promising preclinical rationale and in vitro data. The reason for this is unclear; however, inherent mechanisms of in vivo resistance as well as an incomplete understanding of the role of the NF-B pathway in HL may be factors contributing to the suboptimal results observed.
SUMMARY AND CONCLUSIONS
Despite the relative success in treating HL patients, a substantial proportion of patients ultimately relapse. In addition, although a proportion of patients are cured with salvage chemotherapy and ASCT, those who are not cured or who are ineligible for this procedure have extremely poor outcomes. Improvements in molecular biology and drug development have led to a number of promising drugs currently being evaluated for HL. Among these, SGN-35 and panobinostat have completed phase II trials and have been shown to produce substantial responses in high-risk, heavily pretreated populations. Despite the potential of these agents, it is important to note that SGN-35 is the only agent approved by the FDA for use in patients with relapsed or refractory HL. To date, there is no evidence to suggest that SGN-35 or any other of the discussed agents can be considered to be potentially curative when used alone. Therefore, it is vital that these agents continue to be evaluated and additional therapies be developed so that the momentum gained by these advances results in a sustainable benefit for future generations of HL patients.
